Objective: We aimed to investigate whether soluble CD40 ligand (CD40L) levels are higher in patients with isolated coronary artery ectasia (CAE) compared to patients with angiographically normal coronary arteries and those with stable coronary artery disease (CAD). Materials and Methods: In all, 55 patients with isolated CAE without stenosis, 55 with stable CAD, and 55 control participants with angiographically normal coronary arteries were included. The CAE severity was determined according to the Markis classification. Plasma levels of soluble CD40 ligand were measured by enzyme-linked immunosorbent assay. Results: The baseline characteristics of the 3 groups were similar. Plasma levels of soluble CD40 ligand were significantly higher in patients with CAE and CAD than in controls (2.6 + 3.1 ng/mL and 2.0 + 3.1 ng/mL vs 1.8 + 2.1 ng/mL, P ¼ .004). No difference was found between the CAE and CAD groups. Soluble CD40 ligand level was significantly higher in the type 1 Markis subgroup than that in the type 3 or type 4 subgroups (P ¼ .01). A receiver operating characteristic curve analysis revealed that soluble CD40 ligand level >1.2 ng/mL identified patients with isolated CAE. Conclusion: Significantly higher levels of soluble CD40 ligand were detected in patients with CAE than that in control participants with normal coronary arteries, suggesting that soluble CD40 ligand may be involved in the pathogenesis of CAE. The CD40-CD40 ligand system likely plays a role in the pathogenesis of CAE.
Introduction
Coronary artery ectasia (CAE) is characterized by the dilation of the coronary arteries, particularly localized or diffuse dilation with luminal dilation over the normal adjacent segment or a vessel diameter 1.5-fold wider than that of a normal vessel. 1 The prevalence of CAE is 0.3% to 5% among patients who undergo coronary angiography. 2 The isolated form of CAE, which has been defined as CAE without important coronary artery stenosis, constitutes a small portion of the total number of CAE cases with a rate of 0.1 % to 0.8%. 1, 3, 4 Coronary artery ectasia clinically predisposes patients without coronary artery disease (CAD) to adverse coronary events, such as vasospasm, thrombosis, myocardial ischemia, and dissection. 4, 5 Therefore, determining the factors associated with the presence and severity of CAE may be beneficial for managing those patients. The mechanism of CAE remains unclear. Some congenital disorders, such as polycystic kidney disease and Ehlers-Danlos syndrome, are associated with CAE. 6, 7 In addition, CAE can be diagnosed in patients with several types of vasculitis or connective tissue disorders. 8, 9 However, most CAD. More severe inflammation can be involved in the pathogenesis of CAE.
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The CD40 ligand (CD40L/CD154) is a transmembrane glycoprotein retaining structural homology with tumor necrosis factor-a (TNF-a), and it was initially found in activated T lymphocytes. 12 Subsequently, it was detected in platelets and it is expressed rapidly after platelets are activated. 13 The CD40L receptor CD40 is found in immune, endothelial, and smooth muscle cells (SMCs), as well as macrophages and fibroblasts. 14 The CD40 has gained considerable interest due to evidence linking the CD40/CD40L dyad with atherosclerosis, inflammation, and thrombosis. 15 The physiological role and pathophysiological importance of soluble CD40 (sCD40) in patients with CAE are unclear. As CAE seems to be a form of atherosclerosis, and inflammation plays a major role in atherosclerotic vascular processes, sCD40-mediated inflammation may also be involved in CAE. Therefore, we aimed to investigate whether sCD40L levels are higher in patients with isolated CAE compared to patients with angiographically normal coronary arteries and those with stable CAD.
Materials and Methods
The present study was an observational, case-control, comparative study. The relationship between sCD40L levels and the presence of CAE was investigated. Approximately 3000 participants who had undergone elective diagnostic coronary angiography at our institution were scanned to find patients with apparent CAE. The indications for coronary angiography were either the presence of typical angina or positive or equivocal results of noninvasive screening tests for myocardial ischemia. We selected 55 (26 males and 29 females; mean age, 57.0 + 10.3 years) consecutive patients diagnosed with isolated CAE without any atherosclerotic lesions (CAE group) and 55 (27 males and 28 females; mean age, 56.5 + 9.1 years) consecutive patients with completely normal coronary arteries (control group).
Finally, the CAD group consisted of 55 (34 males and 21 females; mean age, 59.8 + 9.9 years) consecutive participants who were selected from catheterized patients during the same study period and who had !50% stenotic lesions on a coronary angiogram.
The following patients were excluded-those who developed secondary coronary aneurysms following balloon angioplasty, received a coronary stent, underwent brachytherapy or atherectomy, who were diagnosed with vascular ectasia associated with Kawasaki disease or any known collagen vascular disease, who developed myocardial infarction or had a coronary artery bypass grafting surgery, those with significant organic valvular heart disease, peripheral arterial disease, congestive heart failure, congenital heart disease, atrial fibrillation, hypothyroidism, hyperthyroidism, thrombocytopenia, hemolytic failure, respiratory tract disease (chronic obstructive pulmonary disease, chronic bronchitis, or pulmonary embolism), pulmonary hypertension, any autoimmune or neoplastic disease, chronic kidney (creatinine > 1.5 mg/dL) or hepatic failure (aspartate transaminase or alanine transaminase more than third the normal value), or actively infectious diseases, and those receiving active treatment with antiaggregants, anticoagulants, or steroids.
Study Protocol
A detailed medical history was obtained from all patients and a complete physical examination was performed. A 12-lead electrocardiogram (ECG) was taken, and 2 experienced specialists performed a detailed transthoracic ECG. The diagnosis of hypertension was established if systolic blood pressure was !140 mm Hg or diastolic blood pressure was !90 mm Hg, measured at least twice separately, or if a patient was taking antihypertensive medication. The diagnosis of diabetes mellitus was established by a fasting blood glucose !126 mg/ dL or if a patient was taking antidiabetic medication. Fasting blood glucose was defined as impaired at 100 to 126 mg/dL. Hyperlipidemia was defined as a total cholesterol level !200 mg/dL or a history of statin use except in the last 3 months. Patients who were smoking before hospitalization were accepted as smokers.
Informed consent was obtained from all patients prior to the study. The local ethics committee approved the study protocol, and all patients signed written informed consent. This study was conducted in accordance with the Declaration of Helsinki, Good Clinical Practice, and International Conference on Harmonization guidelines.
Coronary Angiography
Coronary angiography was performed using the Judkin technique without nitroglycerin, and 6F right and left heart catheters were employed through femoral or radial arteries. Two experienced interventional cardiologists who were blinded to the laboratory measurements and clinical status of the participants analyzed the coronary angiograms. The CAE was diagnosed when a segment of a coronary artery was dilated at least 1.5 times more than the adjacent segment. 1 The CAE was classified according to the system proposed by Markis et al. 3 Severity of CAE was graded according to the following criteria-type 1, diffuse ectasia of 2 or 3 vessels; type 2, diffuse ectasia in 1 vessel and localized ectasia in another vessel; type 3, diffuse ectasia in 1 vessel only; and type 4, localized or segmental ectasia. 1 The location of ectatic coronary segment, number of coronary vessels with ectasia, and Markis classifications were recorded.
Patients with coronary lesions with a stenosis diameter !50% in !1.5-mm vessels were diagnosed with CAD. Complexity of CAD was evaluated using the Synergy between percutaneous coronary intervention with Taxus and cardiac surgery (SYNTAX) score. Coronary lesions with !50% diameter stenosis in !1.5-mm vessels were scored separately and added together to provide the cumulative SYNTAX score, which was prospectively calculated using the SYNTAX score algorithm on the baseline diagnostic angiogram. 16, 17 Two experienced interventional cardiologists analyzed the SYNTAX score, and the final judgment was made by consensus in cases of disagreement. The final score was calculated from the individual lesion scores by analysts who were blinded to the procedural data and clinical outcomes.
Routine Laboratory Measurements
Blood was taken from the antecubital vein of the study participants between 08:00 and 10:00 AM after 12 hours of fasting . Serum was separated by centrifugation (3000g, 10 minutes, 4 C) and stored at À80 C. Biochemical blood tests were assayed photometrically with an Architect c1600 Analyzer (Abbott Diagnostics, Chicago, Illinois). C-reactive protein (CRP) levels were measured using the nephelometric method and the IMMAGE 800 Immunochemistry system (Beckman Coulter, Brea, California). Complete blood counts were obtained using the LH500 Automatic Hematology Analyzer (Beckman Coulter). Fasting blood glucose levels were determined using the hexokinase method. Total cholesterol levels were determined using enzymatic methods. High-density lipoprotein concentrations were obtained using the accelerator selective detergent method. Triglyceride levels were determined by employing the glycerol-3-phosphate oxidase method. Low-density lipoprotein concentrations were determined using the Friedewald formula.
Soluble CD40L Measurement
Blood was drawn from the femoral artery or radial artery before angiography after inserting a sheath. Pressure cuffs were not used within 30 minutes of blood sampling. The blood was placed immediately in evacuated tubes containing 3.8% sodium citrate (BD Biosciences, San Jose, California) and centrifuged immediately for 20 minutes at 2000 rpm and 4
C. Plasma samples were stored at À80 C until use. Plasma concentrations of sCD40L were measured using a commercial enzyme-linked immunosorbent assay kit (eBioscience, San Diego, California). The minimum limit of detection for was 0.06 ng/mL, and the interassay and intra-assay coefficients of variation were <6.8% and <4%, respectively. The assay is highly specific for human sCD40L, and the manufacturer reports <0.5% cross-reactivity with available related molecules.
Statistical Analyses
Statistical analyses were performed using SPSS software version 20 (SPSS Inc, Chicago, Illinois). The variables were investigated using visual (histograms and probability plots) and analytical methods (Shapiro-Wilk test) to determine whether they were normally distributed. Descriptive analyses are presented using means and standard deviations for normally distributed variables. Mean, standard deviation, lowest median value, highest frequency value, and ratio value were used. The Kolmogorov-Smirnov test was used to assess the distribution of the data. Analysis of variance followed by Tukey post hoc method, the Kruskal-Wallis, and Mann-Whitney U tests was used to analyze the quantitative data. The w 2 test was used to analyze the qualitative data. A P value <.05 was considered significant. The ability to predict the presence of CAE based on sCD40L levels was analyzed using a receiver operating characteristic (ROC) curve analysis. Sensitivity and specificity values were determined when a significant cutoff value was observed. A 5% type 1 error level was significantly predictive of the test variables when evaluating the area under the curve.
Results
The demographic, clinical, and laboratory data of the patients are summarized in Table 1 . No differences in age, sex, or body mass index were observed among the 3 groups (P > .05 for all). No differences in cardiovascular risk factors, such as hyperlipidemia, hypertension, diabetes mellitus, smoking, or family history, were detected between the groups (all Ps > .05).
Patients' angiographic characteristics are shown in Table 1 . Ectasia involved the left main coronary artery in 4 (3.0%), the left anterior descending artery in 46 (40.7%), the left circumflex artery in 20 (17.6%), and the right coronary artery in 43 (38.0%) patients. The types of CAE according to the Markis classification of coronary ectasia were as follows in decreasing order of severity: 17 (30.9%) patients with type 1 CAE, 12 (21.8%) with type 2 CAE, 14 (25.4%) with type 3 CAE, and 12 (21.8%) with type 4 CAE. Complexity of CAD was evaluated with the SYNTAX score, and the mean SYNTAX score was 13.2 + 9.1 in the CAD group. No differences in any of the laboratory parameters were observed among the 3 groups (all Ps > .05; Table 2 ).
The plasma levels of sCD40L are summarized in Table 3 . As shown in Figure 1 , patients with isolated CAE had significantly higher levels than in the control group (P < .05). However, no differences were detected between the CAE and CAD groups. Levels of sCD40L were significantly associated with the Markis classification for CAE (Table 4 and Figure 2 ). Relatively high levels of type 1 sCD40L, type 3 SCD40L, and type 4 sCD40L were identified as the root cause behind the differences (means: 4.61, 1.55, and 0.85 ng/mL respectively; P < .05).
As shown in Figure 3 , an ROC curve analysis was performed in the isolated CAE and control groups to detect the sCD40L cutoff value for predicting patients with isolated CAE. The ROC curve for the sCD40L revealed that a cutoff value >1.2 ng/L was correlated with CAE (75% sensitivity, 65.5% specificity, 65.5% positive predictive value, and 71.4% negative predictive value; area under the curve: 0.684, 95% confidence interval: 0.576-0.792; P < .002).
Discussion
Patients with CAE had significantly higher sCD40 levels than patients with angiographically normal coronary arteries. This is the first study demonstrating a relationship between CAE and sCD40. We also found that sCD40L level was significantly related with the Markis classification of CAE severity. Figure 1 . The comparison of soluble CD40 ligand levels between 3 groups, 2.6 + 3.1 ng/mL in coronary artery ectasia group, 2.0 + 3.1 ng/mL in coronary artery disease group, and 1.8 + 2.1 ng/mL in normal coronary artery group.
In addition, plasma levels of sCD40L were similar between patients with CAE and those with CAD. Although a definitive link between atherosclerosis and ectasia has not been confirmed, it has been suggested that CAE is a variant of CAD, and atherosclerosis is thought to be the major cause of CAE. 1, 3, 18 Markis et al 3 reported that histological changes in patients with CAE are the same as those observed in atherosclerotic plaques, such as diffuse intimal and medial degeneration and hyalinization. The most common mechanism for CAE seems to be inflammation-induced injury of the vascular tunica media. 16, 18 Prior pathological examinations and studies that have demonstrated chronic inflammatory cell infiltration, destruction of the arterial media, and increases in the levels of inflammatory markers, such as the plasma-soluble adhesion molecules, interleukin (IL)-1, TNF-a, and IL-10, support the hypothesis of inflammation-induced injury to the tunica media in patients with CAE. 16, 17, 19, 20 Atheromatous ulcerations found in ectatic segments have suggested that atherosclerosis is the most common cause of CAE. 18, 21 A similar mechanism is the turbulent blood flow in ectatic segments, because a loss of laminar flow causes an increase in red blood cell aggregation and thrombogenicity. 5, 18, 21 The prevalence of CAE varies from 0.3% to 5% in angiographic series. It may appear as a relatively innocent clinical entity; however, it can cause cardiac events such as stable or unstable angina pectoris, myocardial infarction, and cardiac death. [23] [24] [25] Several studies have shown that patients with isolated CAE have an increased risk of mortality, equivalent to that of patients with obstructive CAD. [3] [4] [5] In the current study, plasma sCD40L level is similar within CAE and CAD patient groups. Furthermore, normal coronary artery control group plasma sCD40L level is less than CAE and CAD patient groups. These results that align with the previous studies suggest that CAE may be a variant of CAD. At least, it suggests that they have similar pathophysiological and clinical process.
Evidence suggests that both CD40 and CD40L are expressed by endothelial cells, SMCs, and macrophages in atherosclerotic lesions, and that they are prevalent within advanced, rupture-prone lesions. 14, 26 The physiological interaction between CD40L and CD40 causes a variety of reactions, including increased expression of adhesion molecules and secretion of IL-1, IL-6, and TNF-a, all of which recruit more inflammatory cells that aggravate local microinflammation.
14,27 Furthermore, CD40/CD40L enhances the expression Figure 3 . The ROC curve for soluble CD40 ligand revealed that cutoff values over 1.2 ng/L were correlated with coronary artery ectasia (75% sensitivity, 65.5% specificity, positive predictive value: 65.5%, and negative predictive value: 71.4%; area under the curve: 0.684, 95% CI: 0.576-0.792, P < .002). 95% CI indicates 95% confidence interval; ROC, receiver operating characteristic. of tissue factor and matrix metalloproteinases, thereby maintaining a prothrombotic milieu and decreased plaque stability. 26, 28, 29 The CD40 signaling also results in increased production of reactive oxygen species that antagonize endothelial nitric oxide activity, leading to endothelial dysfunction. 30 All of these actions are explained by the important role of the CD40/CD40L dyad in endothelial dysfunction, inflammation, atherosclerosis, and CAE.
The CD40/CD40L expression is upregulated in atheromaassociated cells, but the exact regulatory mechanisms remain largely unknown. 31, 32 In vitro studies have shown that CD40/ CD40L interactions at the endothelial cell surface result in activation of the endothelium and SMC and subsequent expression of adhesion molecules, a step that initiates atherogenesis. 31, 32 In addition, recent evidence suggests that CD40/ CD40L has a role in dendritic cells and T-lymphocyte interactions inside the vascular wall. 33 Furthermore, sCD40L has an unfavorable effect on the vascular redox state and endothelium-dependent relaxation via the activation of specific redox-sensitive intracellular pathways. 34 Cell and animal studies have demonstrated that CD40L destabilizes endothelial nitric oxide synthase messenger ribonucleic acid and increases the production of vascular oxygen. 34 Therefore, pro-inflammatory cytokines, reduced bioavailability of nitric oxide, and overexpression of adhesion molecules promote leukocyte recruitment and migration into the tunica media, participating in the formation of atheroma. All of these actions are important in the relationship between CD40/CD40L and CAE.
Platelets are the main source of sCD40L, being responsible for >95% of the circulating levels. 35 In addition to atheroma formation and plaque weakening, CD40/CD40L interactions have an eminent role in thrombotic events after plaque rupture. These interactions induce the expression of tissue factor on macrophages and the expression of thrombomodulin, favoring local procoagulant and prothrombotic status. 36 Coronary ectasia may promote thrombosis via abnormal flow conditions. 36, 37 Studies that have used the ''thrombolysis in myocardial infarction frame count method'' have shown that coronary blood flow is impaired in patients with isolated CAE. 37 Within the ectatic segment itself, the flow is relatively slow or static, which promotes the activation of platelets and formation of thrombi. Thrombosis of CAE is also mediated both by platelet-and endothelial-derived prothrombogenic, pro-inflammatory mechanisms and may be further propagated in the presence of chronic thrombus. 37, 38 Finally, the presence of thrombi increases platelet activity in patients with isolated CAE and may contribute to the development of more intracoronary thrombi and greater pro-inflammatory activation within the ectatic segment and to more distal microembolization. [36] [37] [38] As per our hypothesis, platelet activation is important and is probably the main factor in the pro-inflammatory and prothrombotic process triggered by CAE. Moreover, we suggest that sCD40L is the main biomarker of CAE platelet activation and plays an active role in each step of its pathophysiological process. Consequently, sCD40L may cause a vicious prothrombotic/pro-inflammatory circle. Consistent with these data, we found close correlations between sCD40L and CAE.
The CD40/CD40L interaction participates in the development and progression of atherosclerosis and plays a role in oxidative stress and inflammation. [39] [40] [41] Antoniades et al 42 reported higher sCD40L levels in patients with hypercholesterolemia, unstable angina, or acute myocardial infarction. Tousoulis et al 43 showed that plasma levels of sCD40L are higher in patients with stable angina than in healthy participants but lower than in patients with acute coronary syndrome. Durakoglugil et al 44 revealed a significant increase in serum levels of sCD40 in patients with slow coronary flow. In the current study, plasma levels of sCD40L were similar in the CAE and CAD patient groups. Furthermore, the levels were lower in the control group than in the CAE and CAD groups. These results agree with those of previous studies suggesting that CAE may be a variant of CAD or has a similar pathophysiological process.
We cannot speculate whether sCD40L itself is the only factor involved in the pathophysiology of CAE. However, it seems to be important for prothrombotic and pro-inflammatory status in patients with CAE. A second major finding of this study is that there were differences between lesion number and distribution in the Markis classification, suggesting a relationship between plasma levels of sCD40L and CAE severity. Although the subgroup samples were relatively small, the mean sCD40L levels in some subgroups were nearly the same, suggesting that a larger sample would improve the reliability of the results. These findings indicate that sCD40L may have a role in the pathogenesis of CAE. As mentioned above, the relationship between sCD40L level and CAE may be causative, or it could be that sCD40L increased as a result of CAE. We cannot clarify this in the current study.
Study Limitations
Our study had some limitations, including the small number of patients and the fact that they were all Caucasians. None of the patients underwent intravascular ultrasonography to detect atherosclerotic remodeling in ectatic arteries. Hence, the coexistence of nonobstructive CAD (<40%) in patients with ''isolated'' CAE cannot be absolutely established. Nevertheless, patients with isolated CAE do not routinely undergo intravascular ultrasound in clinical practice, and CAE is usually diagnosed by coronary angiography. A number of drugs affect plasma levels of sCD40. 45 Although patients using antiaggregant, anticoagulant, and anti-inflammatory drugs were excluded from the study, other drugs such as statins can affect sCD40 levels. Furthermore, markers that play a role in aggregation and inflammation, such as E-selectin, P-selectin, vascular cell adhesion molecule 1, intercellular adhesion molecule 1, and hs-CRP, were not evaluated in relation to sCD40L levels.
Conclusion
A number of studies have shown a relationship between sCD40L and cardiovascular diseases. Our study is the first to investigate the relationship between sCD40L and CAE. Detailed studies are needed to evaluate the exact pathophysiological role of sCD40L, which has autocrine, paracrine, and endocrine effects and causes endothelial dysfunction and atherothrombosis through its pro-inflammatory, procoagulant, and proatherogenic properties in patients with CAE.
